The availability of high brilliance 3 rd generation synchrotron sources together with progress in achromatic focusing optics allow to add submicron spatial resolution to the conventional century-old X-ray diffraction technique. The new capabilities include the possibility to map in-situ, grain orientations, crystalline phase distribution and full strain/stress tensors at a very local level, by combining white and monochromatic X-ray microbeam diffraction. This is particularly relevant for high technology industry where the understanding of material properties at a microstructural level becomes increasingly important. After describing the latest advances in the submicron X-ray diffraction techniques at the ALS, we will give some examples of its application in material science for the measurement of strain/stress in metallic Work supported in part by the Department of Energy contract DE-AC03-76SF00515.
vacuum or gas, at different temperature and pressures). Its main drawback for the study of materials at the micron scale was until recently its poor spatial resolution.
Today, the availability of high brilliance third generation synchrotron sources, combined with progress in X-ray focusing optics and fast 2D large area detector technology have made possible the development of Scanning X-ray Microdiffraction (µSXRD) techniques using either monochromatic or polychromatic focused beams of sizes ranging from a few microns to submicron [1] [2] [3] [4] [5] [6] [7] [8] . The closest equivalents in the electron microscopy field are STEM (Scanning Transmission Electron Microscopy) and EBSD (Electron Back Scatter Diffraction).
The spatial resolution of electron microscopy is still about an order of magnitude better than focused X-rays, but the two techniques are complementary, with X-ray microdiffraction being a superior technique for looking at sub-surface structures, and for precision measurements of stress.
Recently, an X-ray microdiffraction end station capable of measuring grain orientation and triaxial strain in arbitrarily oriented micron-sized crystals became available at the Advanced Light Source on beamline 7.3.3. This paper describes practical applications provided by this tool.
Beamline Description
The experimental setting of the 7.3.3. beamline end station is shown in Fig. 1 and has been described in details elsewhere [8] . The X-ray synchrotron beam from a bending magnet source is focused via a pair of bendable Kirkpatrick-Baez mirrors to a submicron size (0.7x0.8 µm FWHM). A 4-crystal Si (111) monochromator is used to easily switch between white and monochromatic beams while the same area on the sample is illuminated. The sample is usually in the reflective geometry arrangement, the surface making an angle of 45° relatively to the incoming beam. The outgoing Bragg reflections are collected using a large area CCD detector (Bruker 6000, active area of 9x9 cm) placed ~ 3 cm above the sample. Element speciation in soil micronodules: Soils chemically and structurally highly heterogeneous, rendering the identification of finely dispersed mineral species difficult, if at all possible, with conventional laboratory diffractometers. Since environmental materials are heterogeneous on nanometer to micrometer length scales, the combination of synchrotronbased X-ray radiation microfluorescence (µSXRF) and µXRD techniques provides just the tool needed to make the key identification of most reactive constituents, and the uptake mechanism of associated trace elements. These new scientific opportunities will be illustrated by the sequestration mechanism of Zn and Ni in soils. Fig. 4 a) Mn oxides (birnessite and lithiophorite), were positively identified by µXRD (Fig. 4b) . The lithiophorite structure consists of mixed MnO 2 and Al(OH) 3 octahedral layers, whereas birnessite has a single MnO 2 layer structure in which Mn atoms are adsorbed in the interlayer space above and below vacant layer octahedral sites [11] (Fig. 4 c) . The soil sample was scanned with a 6 keV monochromatic beam, and a diffraction pattern was collected at each step. The automated analysis of the powder ring patterns yielded the mineral species distribution maps presented on Fig. 4 d) . The comparison of chemical and mineral species maps indicates that Ni is exclusively associated with the lithiophorite, whereas Zn is partitioned between lithiophorite, birnessite and phyllosilicates (not shown). In future studies, the crystallographic sites of Ni and Zn in their host phases will be determined by µEXAFS [12] . The combination of these three micron-scale techniques is unprecedented and is quite powerful in advancing the scientific state-of-the-art for the remediation of contaminated sites.
Conclusion
Scanning X-ray microdiffraction using white and /or monochromatic beams offer a powerful tool to study material properties at the micron-scale. The white beam technique is suitable for in-situ study of microtexture and strain in single crystal and polycrystalline thin films. It was applied to study electromigration damage in microchip interconnects, as well as studying the effect of confinement during thermal cycles. The applicability of the technique was also recently demonstrated in the study of deformation in MEMS devices, composite materials, and in-situ uniaxial tensile testing of polycrystalline samples and will be addressed in forthcoming papers. Monochromatic µSXRD, coupled with µSXRF and µEXAFS, is a new and promising technique, which should develop in molecular environmental science [13] .
Future work includes the use of monochromatic µSXRD for strain mapping in thin metallic films subject to spontaneous debonding from the substrate and metallic membranes under uniaxial tensile strain. Fig.1 Schematic layout of the micro-diffraction end station on beamline 7.3.3. at the ALS. 
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